S. Austral. 5000, Australia (Received 7 November 1969) 1. Measurements of ATP, ADP and AMP concentrations in livers of rats that had been delivered by Caesarian section indicate a rapid shift from a low to a high [ATP]/ [AMP] ratio. This change is consistent with the cessation of glycolysis and the initiation of gluconeogenesis at birth. 2. When newbom animals are exposed to a 100% nitrogen atmosphere the hepatic ATP concentration falls and AMP increases. 3. Calculations of the [ATP] [AMP]/[ADP]2 ratio give values that are close to the equilibrium constant of adenylate kinase except when the ATP concentration is high. 4. This difference cannot be accounted for by the preferential binding of available Mg2+ to ATP4-rather than ADP3-. It is concluded that the relative proportions of adenine nucleotides at any level of phosphorylation are only partly regulated by adenylate kinase.
Biochemical changes at birth in mammalian liver are associated with the changeover from a constant source ofmaternal nutrients to an independent existence. In rats this period is associated with the appearance of gluconeogenesis (Ballard & Oliver, 1963 , the cessation of triglyceride synthesis (Ballard & Hanson, 1967a) and the utilization of carbohydrate and fat reserves as sources of energy (Dawkins, 1966) . There is also a change from the relatively anoxic state of the foetus to the highly oxygenated condition in the newborn (Metcalf, Bartels & Moll, 1967 (Atkinson, 1965; Atkinson & Walton, 1967) . It is also proposed that the activity of adenylate kinase (EC 2.7.4.3) in cells is sufficient to maintain virtual equilibrium between ATP, ADP and AMP at any 'charge' value (Atkinson & Walton, 1967 Measurement of adenine nucleotides. ATP was measured spectrophotometrically with hexokinase and glucose 6-phosphate dehydrogenase (Lamprecht & Trautschold, F. J. BALLARD 1965) . ADP and AMP were measured sequentially with lactate dehydrogenase, pyruvate kinase and adenylate kinase (Adam, 1965) . For these measurements a high sensitivity was obtained by using spectrophotometer cells with a volume of 2.0ml and a 5cm light-path. It is implicit in the calculations ofthis paper that these methods are specific for the adenine nucleotides concerned. UTP and GTP, the principal nucleoside triphosphates other than ATP in liver, do not react in the hexokinase-glucose 6-phosphate dehydrogenase assay. Similarly, adenylate kinase is specific for AMP. But pyruvate kinase catalyses the formation of pyruvate from phosphoenolpyruvate with virtually all nucleoside diphosphates, although the maximum velocity with ADP is several times greater than with GDP or UDP. This difference in velocity has been used to correct for nucleotides other than ADP in a manner similar to that reported by Goldberg, Passonneau & Lowry (1966 (MgenpMa, 1967) . Atkinson (1966) has proposed that changes in the relative proportions of adenine nucleotides are sufficient to alter both the magnitude and the direction of cellular pathways. In particular, the stimulation by AMP and the inhibition by ATP of phosphofructokinase are well established, as are the opposite actions of these nucleotides on fructose diphosphatase. Like phosphofructokinase, pyruvate kinase and citrate synthase are also inhibited by ATP (Atkinson, 1966 (Table 1) would thus favour a shift from glycolysis to gluconeogenesis. That glycolysis is active in foetal rat liver and gluconeogenesis is absent from this tissue has been well established by experiments both in vitro (Ballard & Oliver, 1963; Ballard & Hanson, 1967b; Dawkins, 1966) and in vivo (Philippidis & Ballard, 1969) .
The range between nucleotides fully phosphorylated and less phosphorylated than is found after birth can be extended by exposing the newborn animals to N2. At this age rats can live under a total nitrogen atmosphere for about 30min, after which time the hepatic [ATP]/[AMP] ratio is decreased from 30 or more in newborns kept under 02 to 1 or sometimes less. This large range affords an opportunity to study the effects of different nucleotide proportions on cellular processes, and to test directly whether the relative amounts of nucleotides are governed by the adenylate kinase equilibrium. This second proposal is supported by the high activities of adenylate kinase that occur in most tissues. ATP, ADP and AMP concentrations in livers from untreated or nitrogen-treated animals are plotted in Fig. 1 as a function of adenylate charge (compare Fig. 2a in Atkinson & Walton, 1967) . The solid line in each figure represents the predicted proportion of each nucleotide that would Adenylate charge <0.5 0.5-0.6 0.6-0.7 0.7-0.8 0.8-0.9 >0.9
Apparent equilibrium constant 1.30±0.14 (6) 1.14±0.24 (9) 1.22 ±0.11 (11) 1.52± 0.23 (8) 2.27 ±0.22 (22) 3.87 ±0.51 (13) for each liver sample according to eq. (1) and are shown in Table 2 . Livers from animals kept longest in 02 show both the greatest 'adenylate charge' and also the greatest deviation from the adenylate kinase equilibrium. In these animals the ADP concentrations are substantially lower and the AMP and ATP concentrations higher than expected from consideration of the adenylate kinase equilibrium. Although careful measurements of adenine nucleotides in liver have not been previously carried out over a wide range of relative nucleotide proportions, there are many reports of ATP, ADP and AMP determinations in adult rat liver (see Biucher, Krejci, Riissmann, Schnitger & Wesemann, 1964) . Normally an [ATP]/[ADP] ratio about 4-5 has been found, and when the adenylate kinase equilibrium is calculated values in excess of 1 are obtained.
One explanation of the increase in apparent equilibrium constant when the adenylate charge is high is that errors occurred in the ADP or AMP measurements. This possibility has been tested by the addition of small amounts of nucleotides to tissue extracts and measurement of the recovery of these added nucleotides. In all cases these recoveries have been quantitative, even for AMP contents below 0.1 ,umol/g of tissue. It is also possible that the ADP measurements were either under-or over-estimated owing to the correction made for the amount of nucleoside diphosphates other than ADP in the tissue extracts. However, under no circumstances did those nucleotides contribute more than 15% of the NADH oxidation produced by the addition of pyruvate kinase for the determination of ADP, and consequently any error would be small.
The difference between predicted and experimental values may lie in the concentration of Mg2+ ion in liver, as it has been reported (Morrison & MgATP2-+AMP2-MgADP-+ADP3- (2) Direct measurements in vitro of the adenylate kinase equilibrium have been carried out with purified muscle adenylate kinase. This enzyme is reported to show a specificity towards the various nucleotide-Mg2+ complexes identical with that of the liver enzyme (Markland & Wadkins, 1966 ).
The two experiments described (Table 3) were designed to test whether the apparent equilibrium constant of adenylate kinase (eqn. 1) was increased in a manner similar to the results found in vivo ( These findings are consistent with eqn. (2) and are probably the result of the preferential complexing of free Mg2+ ion with ATP4-rather than with ADP3-. This is indicated by the stability constants for MgATP2-and MgADP-of 70000 and 4OOM-1 respectively (Morrison & James, 1965) . At low total magnesium concentrations the concentration of MgADP-would be low relative to that of MgATP2-, thus resulting in an equilibrium shift towards more ADP3-and MgADP-. At high total magnesium concentrations the concentration of ADP3 -would be low, resulting also in a shift towards more ADP3-and MgADP-. Nonetheless these effects cannot explain the experimental findings of equilibrium constants greater than 1.0. An alternative explanation for the high apparent equilibrium constants from the measurements in vivo would be that adenine nucleotide proportions are not in equilibrium throughout the liver cell. This is quite likely as, although adenylate kinase is present at high activity in both cytosol and mitochondrial fractions of liver (Adelman, Lo & Weinhouse, 1968) , it has been reported that the enzyme is absent from the mitochondrial matrix (Heldt & Schwalbach, 1967 ). An increase in AMP in this compartment such as that caused by the activation of fatty acids is sufficient to alter markedly the value of K (eqn. 1) in experiments on isolated mitochondria (Williamson, Olson, Herczeg & Coles, 1968) . It is also possible that an increase in AMP in the mitochondrial matrix would cause the displacement of the adenylate kinase equilibrium in the whole tissue.
